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ABSTRACT
The GlueX experiment aims to map out the spectrum of hybrid mesons in the light quark sector; it was performed at the Thomas Jefferson National Accelerator Facility (JLab) in Newport News.
Experimental results from the collision of a linear polarized photon beam on an unpolarized proton target were measured and used to determine the spin-density matrix elements (SDMEs) through the
decays of 𝞬p→ 𝝆⁻𝚫⁺⁺; SDMEs provide a complete description of the 𝝆⁻ production and decay; it also provides the insight into how hybrid mesons can be produced. Subsequently, the comparison between
SDMEs of 𝝆⁻ and the description of 𝝆 production will be beneficial for further research with the mesons. Here we will report the first-ever extraction of the SDMEs for 𝝆⁻ decay.

METHODS

RESULTS

DISCUSSIONS AND
CONCLUSIONS

● Data Collection
Data were collected at JLab as part of the GlueX experiment,
as shown in figure 1. The data was reconstructed by analyzing
the path the particles traveled in the detector. The energy,
momentum, and angular distributions can be calculated from
these reconstructed events [1].

Figure 4.(Left) 𝝆⁻mass
without any cut; (Right) 𝝆⁻
mass after selection of ∆⁺⁺,
𝛚, η, and ἠ.

Figure 5. (Left) 𝝆⁰ mass
with cuts; (Right) ∆⁺⁺mass
without any cuts.

Figure 1. Structure of the GlueX detector.

● Simulated Data Set
Simulated data were generated by the cluster at JLab. The
simulated data aim to mimic what will happen when the
desired reaction γ p → ρ⁻∆⁺⁺ appears under an ideal situation.
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Figure 8. The SDMEs as a function of momentum transfer, −t.
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Figure 2. Illustration of the decay process.

● Data Processing
By comparing the mass of the unwanted particle with the data
from the Particle Data Group (PDG), we were able to remove
unwanted particles. For example, a 𝝆⁰ can form from a π⁻and
π⁺.
● Spin-Density Matrix Elements (SDMEs)
SDMEs are used to describe the angular distribution of the
procession and decay of the 𝝆⁻ meson. SDMEs provide
essential information to study the production mechanism for
certain vector mesons [2].

Figure 6. Calculated angles, masses, and -t for simulated data.

Figure 7. Calculated angles, masses, and -t for bin0.−t ranged from 0.1GeV/c to 0.2GeV/c.

● We extract SDMEs by fitting the simulation (green) to the data (blue). Overall, the fit performs well
which shows we can extract SDMEs.
● Unwanted decays include ρ⁺(Mass: 770, Decay Mode: π⁰ + π⁺ ), η (Mass: 550, Decay Mode: π⁰ + π⁻+
π⁺), ω (Mass: 782, Decay Mode:π⁰ +π⁻ +π⁺), and Φ (Mass: 1020, Decay Mode: ρ+π⁰ → π⁰ +π⁻ +π⁺).
● The little hole in the plot of φ is caused by the blind-point in the detectors, which led to the decrease in
detected events. The decrease of the magnitude of the wave in Ψ and the slight variations in the whole
shape can be caused by the background noise.
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● We report on the first ever measurement of
SDMEs of the vector mesons ρ⁻(770) at GlueX.
● We compare our results to 𝝆⁰ SDMEs at GlueX,
which are close to publication.
● The results have shown reliable behaviors and
consistency between different polarization angles.
● In the future, we look forward to further
eliminating the background noise by separating
data set accordingly to the event distribution.
● Acquire more data from different angles for
comparison.

